A usability study on navigation ability rehabilitation: The effect of feedback design and performance quality on motivation and feeling of competence by Boering, Marlon
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Master Thesis Clinical Neuropsychology 
Faculty of Behavioural and Social Sciences – Leiden University 
december, 2017 
Student number: 1234250 
Daily Supervisor: C.J.M. van der Ham, Department of Health, Medical and 
Neuropsychology; Leiden University 
CNP-co-evaluator: G.E.A. Habers, Department of Health, Medical and 
Neuropsychology; Leiden University 
 
A Usability Study on Navigation Ability 
Rehabilitation: 
The Effect of Feedback Design and Performance 
Quality on Motivation and Feeling of Competence 
 
 
 
 
 
 
 
 
Marlon Boering 
 
A Usability Study on Navigation Ability Rehabilitation                                                          2 
 
Table of contents 
 
Abstract          2 
Introduction          3 
Methods          9 
Participants         9 
Measures          10 
Design          12 
Procedure          13 
Statistical analyses         14 
Results          15 
Feedback type analyses        15 
Quality of performance analyses 16 
Regression analyses        17 
Dissatisfaction-effort analysis       17 
Post-hoc analyses         19 
Discussion          20 
References          24 
 
 
 
 
 
 
 
 
A Usability Study on Navigation Ability Rehabilitation                                                          3 
 
Abstract 
The ability to navigate is often impaired in Acquired Brain Injury (ABI) patients, with 30% of 
stroke patients suffering from navigation problems. A virtual reality game application was 
developed to train and rehabilitate navigation ability. The current research was part of a 
usability study to optimize this application for clinical use, with the main objective being the 
investigation of the motivational properties of the game design. The rationale behind this 
research was to gather information directly from a sample of the target population to be able 
to improve the motivational elements of the application accordingly. Two mini-games of this 
application, each with different feedback conditions (direct and delayed), were played by 14 
patients, who reported their motivation levels and feeling of competence levels after each play 
condition. The direct feedback type was meant to produce more information of the made 
progress of the patient during playing the mini-games. It was expected that motivation levels 
and feeling of competence would increase by giving direct feedback, in contrast to motivation 
levels and feeling of competence in the delayed feedback type which would provide less 
progress information by presenting feedback at the end of a mini-game. 
The measures of motivation and feeling of competence were compared for each feedback 
type. Measures of motivation and feeling of competence did not differ between the feedback 
types. Furthermore, measures of motivation levels and feeling of competence levels were both 
compared for good and poor performances. Feeling of competence was found to be higher in 
the good performance group, compared to the poor performance group. However, no 
difference between these groups was found for motivation. Taken together, it is possible that 
quality of performance can estimate feeling of competence accurately, while the other 
possibility suggests that performance quality is influenced by feeling of competence. The 
latter possibility would indicate that competence-stimulating factors should be emphasized in 
the design of rehabilitation applications. 
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Introduction 
 
The ability to find your way around is necessary for self-sufficient and autonomous daily life 
functioning. This navigation ability is often impaired in neurological patients, with 30% of 
stroke patients having navigation problems (Claessen, Van der Ham, Jagersma, & Visser-
Meily, 2016; Van der Ham, Kant, Postma, & Visser-Meily, 2013). However, adequate 
training programs developed for the improvement of navigation ability in neurological 
patients are limited. A potential solution may be the use of virtual reality (VR), as Claessen 
and colleagues (2016) verified this to be a suitable tool for patients to develop a compensatory 
navigation strategy. VR rehabilitation is a therapeutic tool that has seen its utility drastically 
increase in both Europe and the US (Burdea, 2002). 
Virtual reality rehabilitation simulations can vary across specific therapeutic 
approaches, such as “teaching by example”, and “video game-like” (Burdea, 2002). Teaching 
by example therapy has been employed for post-stroke patients which involved motor training 
of arm reach motion by a visualized trajectory of the required motion (Holden & Todorov, 
2002). A video game-like approach has been used to let patients manoeuvre an airplane 
through 3-D hoops, without a visualized trajectory, thus creating a greater cognitive load 
during the execution of the task (Boian et al., 2002). 
Claessen and colleagues (2016) found that patients valued the VR rehabilitation 
training and reported that it gave them more insight into their navigation difficulties and 
helped them to learn how to use a different navigation strategy. Besides the given value, VR 
rehabilitation offers several other advantages for navigation ability rehabilitation. First of all, 
the VR technology enables researchers to give patients the opportunity to directly experience 
environmental interaction through a screen instead of relying on real environmental 
interaction and the physical effort and potential danger it involves (Fung, Richards, Malouin, 
McFadyen, & Lamontagne, 2006, Rose et al., 2005).  
Also, VR advantages are also present in comparison to real environment stimulus 
presentation, because VR has the potential to simulate a vast amount of real life situations and 
with that the convenience for more ecologically valid rehabilitation training of cognition 
(Burdea, 2002, Rizzo, Buckwalter, Neumann, Kesselman, & Thiebaux, 1998, Rose et al., 
2005). In that way VR is capable of providing a limitless amount of repetitions of a training 
task (Rose et al. 2005). Thus, VR-based training enables for the collection of specific 
performance measurements and possibility to replay performances. 
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Moreover, a very important advantage to VR rehabilitation is that aspects such as 
sensory presentation and task complexity can be easily altered according to the impairment of 
the user (Rose et al., 2005). This implicates that VR rehabilitation games and its mechanics 
and presentation are very flexible when it comes to usage, as game elements can be modified 
to optimize the user´s game experience at which gaining optimal advantage by the player is 
the main realization. In addition to this usage flexibility, virtual rehabilitation can be remotely 
executed, for instance at home. Such a virtual therapy is called the Virtual Telerehabilitation 
approach (Burdea, 2002). Another advantage comes in the form of interactivity and 
motivation, especially in video game-based rehabilitation approaches. By presenting the 
patients with auditory and visual reward feedback, i.e. satisfying messages like “great”, “very 
good” etc., patients tend to be more motivated to exercise (Burdea, 2002, Fung et al., 2006). 
In short, the advantages of such VR technology are clear in terms of repeatability, 
performance measurement, usage customization, possibilities of remote execution and 
motivational aspects. However, challenges posed by the use of VR in rehabilitation have also 
been addressed in the literature. For instance, there has been debate about the clinical 
acceptance of VR-based rehabilitation along the lines of medical effectiveness. It has been 
stated that more data is needed to prove viability of VR treatment (Burdea, 2002, Gregg & 
Terrier, 2007).  
Furthermore, disadvantages also reside in motoric and cognitive deficits and other 
disabilities that could result from brain injury. These disabilities could hamper the usage of 
VR technology and its rehabilitation efficacy (Burdea, 2002). Possible motoric restrictions 
could prevent them from handling controls and lack of attention could prevent them from 
understanding instructions (Burdea, 2002), which is problematic in navigation ability 
treatments. Also, problems of discomfort can arise in immersive forms of VR because of 
virtual environments affecting the motion detection system, thus creating motion sickness and 
nausea (Viirre & Bush, 2002, as cited in Gregg & Terrier, 2007), and physical bother because 
of the equipment (Gregg & Terrier, 2007). Summarily, several challenges exist for the use of 
VR in rehabilitation, like clinical unacceptance, physical and cognitive limitation of the user 
and factors of discomfort in immersive forms of VR. 
However, the usability of VR application, the quality that makes it easy to use 
(Schultheis, Rebimbas, Mourant, & Millis, 2007), must be appropriate  in a sense that it is 
safe, motivational, optimizing goal-directed practice and thereby stimulating learning skills to 
be able to properly gather information through VR rehabilitation and to make use of its 
aforementioned advantages (Fung et al., 2006). A VR application with high usability makes 
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the difference between an accurate or inaccurate user performance and the user’s enjoyment 
and engagement or becoming discouraged and frustrated (Schultheis et al., 2007). So, to 
approximate sufficient engagement and to generate proper results, the usability of the 
rehabilitation training must be satisfactory at least. Here, motivational aspects come into play. 
As accurately described by Ryan and Deci (2000), motivation entails “all aspects of activation 
and intention” (p. 69). When discussing motivation or ‘task motivation’, the ‘drive’ to do the 
task at hand is an essential factor. In essence, this drive is fueled by our ‘goals’ (Deci & Ryan, 
2000). These goals motivate our behavioral actions (Astleitner, 2000). In that sense it is self-
evident that most theories of motivation presume that behavior is initiated and sustained to 
achieve the set goals (Deci & Ryan, 2000; Locke & Latham, 2002). Despite the fact that 
motivation is frequently characterized as one single concept, the drive that moves people into 
action can actually differ substantially in nature, taking forms of intrinsic or extrinsic 
motivation (Ryan & Deci, 2000). In definition, intrinsic motivation is the inclination towards 
novelty seeking and to take up challenges and has been described as one of the most potent 
positive human trait, while extrinsic motivation contrasts intrinsic motivation by referring to 
being driven by an external factor while performing an activity (Ryan & Deci, 2000).   
Regarding motivation theories, an appropriate and relevant leading theory should be 
mentioned. The theory in question is the Self-Determination Theory (Deci & Ryan, 2000), 
which revolves around goal-directed behavior and several psychological needs: Competence, 
relatedness, and autonomy. These needs are seen as essential for human psychological 
flourishment and are “organismic necessities rather than acquired motives” (Deci & Ryan, 
2000, p. 229). The current study emphasized the psychological need ‘competence’ as a 
motivational construct. Competence is referred to as an ability to interact efficiently with the 
environment (White, 1959) and in several contexts the experience of competence is 
paramount to be able to enjoy an activity (Deci & Ryan 2000). In light of the current research 
it is of great importance that the performance of the patients is at least satisfying and 
enjoyable for them in order to stay committed to executing the rehabilitation application.  
Locke and Latham (2002) state that performance goes hand in hand with having goals. 
They also said that the relationship between performance and goals is the strongest when 
someone is devoted to the goals they set for themselves. Locke and Bryan (1969) found in 
their goal motivation study that when feedback was given on several aspects of performance 
participants only improved their performance on the areas they had set goals for. The 
effectiveness of goals is reliant on summary feedback that gives information on made 
progress in relation to the goals (Locke & Latham, 2002). If people do not know how well 
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they are doing on a task, changing the level or direction of their effort or to change their 
performance strategies accordingly becomes very difficult or even impossible (Locke & 
Latham, 2002). Also, it was argued and found that in social contexts events like feedback and 
rewards that contribute to feelings of competence can increase intrinsic motivation (Ryan & 
Deci, 2000).  
If people become aware that they are underperforming and therefore not reaching their 
goals, thus become dissatisfied, they usually increase their work effort on the next task 
(Locke, Cartledge & Knerr, 1970; Matsui, Okada, & Inoshita, 1983). It was also found that 
participants performed better when they were challenged with high, difficult goals, in 
comparison with participants aiming for easy goals (Locke et al., 1970). This event of 
increasing work effort after failing to reach set goals is an interesting subject and will be 
further explored in this study. 
The present study researched the usability of a newly developed VR rehabilitation 
training application (a Virtual Telerehabilitation approach, see Burdea, 2002) during its first 
encounter with a clinical population, consisting of two different mini-games. One game 
measured orientation and localization skills based on distal landmarks and the other measured 
these skills based on local landmarks. This study focused on the motivational and feeling of 
competence aspects involving these mini-games.  
By collecting all our information we hoped to gain the ability to discover and design 
an efficient feedback system that fits the ‘need’ of the player. To be clear, modifying the 
rehabilitation training at an individual level was not within the scope of this study, as we 
wanted to gather information to optimize the rehabilitation process for the aforementioned 
acquired brain injury (ABI) patients on population level. 
The main aim of this research was to study the relationship between performance 
feedback type and motivation of ABI patients while they were playing a game purposed to 
rehabilitate navigation ability. The relationship between performance feedback and feelings of 
competence was also studied in the same rehabilitation application. Feedback was 
manipulated in terms of the moment when the feedback was provided to the patients: direct or 
delayed.  Furthermore, another main objective was to investigate the relationship between 
quality of performance and motivation and feelings of competence. 
 
The first hypothesis proposed that ABI patients would report to be more motivated and 
have a higher level of feeling of competence when they would get feedback on their 
performance directly, in comparison to when feedback was delayed until after task 
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completion. This statement is based on the previously mentioned effectiveness of goals and 
summary feedback, which gives information of the progress made towards that goal (Locke & 
Latham, 2002). The goal would be to get a high score. The underlying idea is that when more 
feedback (the display of the percentage of the gathered coins between subtasks) is provided 
on a performance, motivation levels during the task would be higher, as more information has 
been provided for reaching the set goal.  
If the first hypothesis would be supported it is suggested that in virtual reality 
purposed for rehabilitation a serious emphasize should lie on how to sustain a sufficient level 
of motivation and feelings of competence while playing the game (Sailer, Hense, Mayr, & 
Mandl, 2017). It was then suggested that an adequate level of motivation is needed for the 
patient to stay committed and finish the game task. Feelings of competence were expected to 
be involved in sustaining the appropriate level of motivation, so it was proposed to be 
important to emphasize this competence factor in-game by giving the player feedback on their 
actual performance (Sailer, Hense, Mandl, & Klevers, 2013). In any case, this study will 
gather valuable information on how the training should be designed for the clinically used 
version.  
For the second hypothesis it is proposed that quality of performance during the task is 
a crucial factor to take into the game-designing account as well. This was conceived because 
the obtained score and the fact that it was presented as feedback to the participants was 
expected to have an effect on motivation and feelings of competence during the task. Based 
on previous findings (Vallerand & Reid, 1984, White, 1959), it was therefore expected that 
the patients would report higher values on the motivation and feelings of competence answer 
scales when feedback on good performance was given, in comparison to when feedback on 
poor performance was given. This was tested regardless of the direct or delayed feedback 
condition. 
The acceptance of the second hypothesis would implicate that during the programming 
of a VR rehabilitation training game the performance feedback should take into account the 
quality of performance of the player to prevent demotivation and the feeling of incompetence. 
This would then suggest that it might be wise to provide poorly performing players with an 
alternate feedback protocol, in contrast with good performers, to prevent unwanted 
demotivation and feelings of incompetence.  
Moreover, when the second hypothesis would be supported it would give an indication 
of how performance, motivation and feelings of competence go hand in hand (Vallerand & 
Reid, 1984, White, 1959). This interaction would propose the importance of these factors to 
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be held in account while incorporating game elements. It would implicate how they would 
influence each other and which factor should receive emphasis when game elements 
associated with motivation and competence are programmed. 
In more specific analyses, we also investigated the relationship between feelings of 
competence and total score, regardless of feedback type. The interest in this analysis came 
from the logic that higher scores would indicate better performance; therefore users with 
higher scores were thought to report higher levels of competence (White, 1959).  
The relationship between motivation levels and the feelings of competence was 
investigated as well. The reasoning behind this analysis was built upon speculation that 
feeling competent about your performance would contribute to being motivated. Although, 
elevated levels of motivation could indirectly lead to more feelings of competence because 
motivation to perform well could result in better performance (Deci & Ryan, 2000).   
Moreover, in line with previously mentioned research (Locke, Cartledge & Knerr, 
1970; Matsui, Okada, & Inoshita, 1983), an additional analysis was conducted involving 
dissatisfaction of performance. It was investigated whether participants make more effort 
while playing the second mini-game after being dissatisfied with their previous performance 
on the first mini-game.  
 
Methods  
 
Participants  
The original research sample included 23 patients (11 women, 12 men) suffering from brain 
damage, including cases of ABI (brain infarction, cortical infarction, ischemic trauma and 
sub-arachnoid bleeding), brain contusion and brain tumors. The location of brain trauma 
included areas in the left and/or right hemisphere, namely frontal, fronto-parietal, temporal, 
parietal, occipital, parieto-occipital, basal-nuclei, cerebellum or pons. Cognitive problem were 
reported as currently absent for all the patients, although several experienced cognitive 
problems in the past. Some patients suffered from motoric problems, including balance 
problems, decreased sensitivity in limbs, decreased strength in limbs and (partial) paralysis of 
the legs. 
Due to technical complications regarding the application and premature 
discontinuation of experiment sessions because of patient-related issues, 9 patients were 
excluded from the study. The final analyses were conducted with 14 participants (8 male), 
(see table 1). The patients were forwarded to and signed up for our study by their supervising 
A Usability Study on Navigation Ability Rehabilitation                                                          10 
 
medical specialist. We collected the data for this study at the University Medical Center and 
at the Hoogstraat Rehabilitation Center, both located in Utrecht in the Netherlands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Measures  
Our patients completed questionnaires regarding Intrinsic Motivation, Effort and Competence, 
based on the items of the Intrinsic Motivation Inventory (Deci & Ryan, 2007). 
The Motivation variable was translated from the combined Intrinsic Motivation and Effort 
measures on a 5-point Likert scale. For the Intrinsic Motivation measure the following three 
statements had to be rated: ‘I thought the task was interesting, ‘When I executed the task I 
enjoyed myself’, and ‘I thought the task was easy’.  
For the Effort measure the following two statements had to be rated: ‘I have worked 
very hard to complete the task’ and ‘I was doing my best while playing the game’.  
The feeling of competence variable was translated from the ‘competence’ 5-point 
Likert scale measure. For the Competence measure the following four statements had to be 
rated:  ‘I had the feeling I was good at the task’, ‘I am satisfied with my performance, ‘I think 
my performance is above average on this task’ and ‘I wish I did better on the task’.  
Table 1 
Sample Characteristics 
 
Total (n) 14(8 male) 
 
Age (years) (M/SD) 46.46(12.44) 
 
 
Education Level (Verhage) (M/SD) 4.92(1.89) 
 
 
 
 
 
Onset damage (months) (M/SD)                        
 
Brain damage type 
 
– TBI 
– Contusion 
– Tumor 
– Hypoxia (OHCA) 
 
 
20.38(10.41) 
 
 
 
7 
3 
3 
1 
Note. M = mean, N= sample size, n =sample sub group, SD = 
standard deviation, Verhage = coding of education levels based 
on Verhage (1964), OHCA = out of hospital cardiac arrest. 
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The Likert-scale results of the motivation data with the answers ‘completely 
disagreeing’ and ‘slightly disagreeing’ were respectively scored as ‘1’ and ‘2’. The answer 
‘neither disagreeing nor agreeing’ was scored as 3. The answers ‘slightly agreeing’ and 
‘completely agreeing’ were being respectively scored as ‘4’ and ‘5’. The Competence data 
was approached in the same way. It must be noted that the fourth Competence statement of 
the questionnaire had to be reverse scored because of its ‘negative’ nature in contrast to the 
other positive natured statements. 
The dependent motivation variable and feelings of competence variable were both classified 
as ordinal, because the 5-item Likert scales were level-ranked (from negative to positive).  
The feedback type was integrated into the motivation and the feelings of competence 
variables respectively. So, a variable which includes all the motivation scores of the delayed 
feedback trial and a variable which includes all the motivation scores of the direct feedback 
trial were created. The variable about feelings of competence was operationalized the same 
way as the motivation variable.   
Two performance quality group variables were created (poor and good) and the total 
averages of the motivation scores and the feelings of competence scores were used. The 
quality of performance variable was classified as a nominal type, as it was based on the total 
amount of coins earned at the end of each of the three task rounds. The independent quality of 
performance group variable was classified as nominal, as it represented two conditions. 
For the dissatisfaction measure it was determined that participants were not satisfied 
with their first performance by only including participants who reported less than a score 
value of 5 on the Likert statement ‘I am satisfied with my performance’. The rationale behind 
including satisfaction score values of less than 5 was the conjecture that participants who 
were less than optimally satisfied with their performance could still have the desire to perform 
better and therefore make more effort to maximize their scores on the second mini-game. 
Subsequently, both effort statements were calculated into an average effort score for both 
mini-games. The effort variable was classified as an ordinal type.  
The game ‘In the Distance’ involved distinctive distal landmarks, outside the circular 
environment, to be used as points of orientation, while the game ‘Pillars’ involved local 
differently colored pillars inside the circular environment. From now on these mini-games 
will respectively be referred to as Distal Orientation and Local Orientation. 
The goal in both mini-games was to find the red dot of which the location was shown 
beforehand in a bird’s eye overview of the circular environment. The red dot was invisible in 
the actual task where the patient had to walk and find the exact location of the red dot. A 
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maximum of two coins could have been obtained after each of the three mini-game rounds, 
with a maximum of 6 coins after one mini-game and 12 coins after playing both of the mini-
games. Patients had to walk the shortest route possible to find the location of the red dot to 
score the highest score per round.  At the start of each round, the minimum distance from the 
start to the goal end position was calculated. Two coins were earned when the distance 
walked from the start position to the end position was less than two times the minimum 
distance. One coin was obtained when the distance walked from the start position to the end 
position was between two and four times the minimum distance. No coins were given when 
the participant walks more than four times the minimum distance. Turning movements did not 
count as walking and thus did not affect the amount of coins.  
To designate the performance of each participant to either the good or poor quality 
group, the median (7.5 coins) was used as a cut-off score of the total amount of coins (total 
score) each participant earned after the three mini-game rounds. The use of the average score 
would not have been appropriate as cut-off due to the small sample size and the 
accompanying lop-sided distribution. Scores above the median were treated as good and 
below as poor performances. The total score variable was classified as a ratio type. 
Each mini-game consisted of three rounds with increasing difficulty per progressed 
round. The increased difficulty meant that the circular environment would increase in size per 
round within each mini-game. 
 
Design  
This current experiment was an observational study with a two-level condition within-subjects 
design and a two-level between-subjects design. Each participant played through both 
feedback type conditions, thus these conditions being within-subjects. However, it was 
randomized which conditions was encountered first. The poor and good quality of 
performance groups formed the two-level between-subjects variable. 
It should be mentioned that this study was part of a larger study, which aimed to make 
the VR rehabilitation games as accessible as possible, in terms of selecting ideal controls, 
good menu design and clarity of instructions. 
. 
Procedure 
After arriving at the test location and being picked up at the waiting room by a researcher, the 
patients read the information letter once more and an informed consent form was signed in 
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twofold by the patient and the researcher. The patients were asked to take one of the forms. A 
short summary of the procedure was given plus a time indication of approximately 45 
minutes. The execution of the procedure consisted of the patient took place behind a laptop on 
which they worked through six parts of the application while the experimenter sat next to 
them.  
Before presenting our test battery it must be noted that the first four out of the five 
parts and part six were in service of other studies and are mentioned here entirely for the 
purpose of explaining the course of events throughout the experiment session. Part five is the 
actual focus of this study.  
Questionnaires were presented digitally in Qualtrics, with Likert scales being 5-point 
ranging from ‘completely disagreeing’ to ‘completely agreeing’, unless otherwise specified. 
Part one consisted of filling in two questionnaires about computer skills, the first being a 4-
item questionnaire in the format of a 5-point Likert scale, ranging from ‘never’ to ‘daily’, 
about one own computer skills and the second being a 5-item questionnaire. Part two 
consisted of controlling the game application firstly with the keyboard and secondly with the 
mouse, with a 5-item questionnaire being presented to the patient following each control style 
and ending with four semi-structured open questions. Part three consisted of the assessment of 
understanding of the instructions through video versus text. The instructions were read out 
loud by a recorded voice while a video fragment illustrates the text, followed by a two times 
six ‘true or false’-item questionnaire about text memory and text inference. The instructions 
were also just displayed as text, followed by a two times six ‘true or false’-item questionnaire 
about text memory and text inference, ending with five semi-structured open questions about 
the two instruction types. Part four consisted of navigating through the menus by completing 
five short assignments while giving direct ‘thinking out loud’ feedback, ending with an 11-
item questionnaire about the display, content, menu navigation, and process of learning. 
Audio and desktop screen recordings were made. Part five consisted of performance feedback 
and motivation and the completion of two tasks, each consisting of three rounds. It was 
randomly set that one task showed feedback of performance after each round plus the final 
results and the other task only showed the final results.  
Part five focused on the type of performance feedback, motivation and feelings of 
competence, while playing the Local Orientation and Distal Orientation mini-games. 
It was randomly decided that in one mini-game direct feedback was implemented after 
each round plus the final results and in the other mini-game only delayed feedback would 
occur. Patients received a verbal instruction for each task and a 9-item questionnaire about 
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intrinsic motivation, effort, and competence were filled in after each mini-game (see 
Measures). After that, four open semi-structured questions about were presented about the 
final results screen. Part six consisted of a general evaluation by filling in a 9-item 
questionnaire and a post-measurement of the control skills.  
Afterwards patients were debriefed and brought back to the waiting room. The 
experiment protocol was assessed by the secretary of the Medical Ethical Assessment 
Committee of the University Medical Center of Utrecht. This committee deemed the study to 
be observatory and not burdensome for the patients. Because of this the experiment did not 
need permission of the Committee Medical Ethics. Additionally, the study was executed in 
line with the Good Clinical Practice Regulations, which emphasized transparency to the 
patients and adequate care of the informed consent and the debriefing. 
 
 
Statistical analyses  
The computer program IBM SPSS Statistics version 22 was used for our statistical analyses. 
A p-value of 0.05 was employed as the statistical significance level cutoff. Due to the rather 
small sample size of 14 participants, it was decided to resort to nonparametric tests in the 
analyses. 
 For the analyses of motivation and feelings of competence levels in relation to the 
delayed and direct feedback conditions a non-parametric Wilcoxon signed-ranks test was 
conducted. The analyses involved the within-subjects factor motivation feedback type 
(motivation-delayed vs. motivation-direct) and the within-subjects factor feelings of 
competence feedback type (competence-delayed vs. competence-direct). 
A Mann-Whitney U test was conducted to compare the motivation and feelings of 
competence levels between the quality of performance groups as between-subjects factors. In 
this analysis no distinction was made for feedback type.  
A simple linear regression analysis was performed to investigate the relationship 
between feelings of competence and total score, without making a distinction between 
feedback types. The total score variable was used as predictor for the feelings of competence 
variable. Another simple linear regression analysis was conducted to investigate the 
relationship between measures of motivation and feelings of competence, again without 
making a distinction between feedback types. The feeling of competence variable was used as 
predictor for the motivation variable.  
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 For the effort-after-dissatisfaction analysis, we conducted a Wilcoxon signed-ranks 
test to compare the mean effort scores of participants between the first mini-game task and the 
second mini-game task, if participants were less than optimally satisfied with their first mini-
game performance.  
 
Results 
A total of 14 participants was included in this study (see table 1). However, only 10 
participants were used for the analysis of reported effort values after performance 
dissatisfaction because four participants reported maximum satisfaction scores and therefore 
dissatisfaction rate changes after performance could not be measured.  
 In the analyses one-tailed exact significance values of the Wilcoxon signed-ranks test 
and the Mann-Whitney U test were used instead of the asymptotic only approach because of 
the small sample size and the directions of the stated hypotheses. 
 It should be noted that the small size of this study sample is particularly limiting for 
the present study despite the use of non-parametric tests. Therefore the quality of the result 
outcomes should be interpreted with certain moderation as the amount of collected data was 
limited. Certain effects were possibly missed and certain found effects could have been 
subjected to coincidence.  
 
Feedback type analyses 
The Wilcoxon signed-ranks analysis revealed no difference between the two feedback types 
for motivation, Z = .000, p = .517, r = 0 (table 2). Motivation scores in the direct feedback 
group (Mdn = 4, IQR = 4.25 – 3.60) were not significantly higher than the motivation scores 
in the delayed feedback group (Mdn = 4.2, IQR = 4.20 – 3.65). See table 3 for the raw scores. 
A nonsignificant difference between the two feedback types was also observed for the 
feeling of competence, Z = -1.025, p = .163, r = .27, (table 2). Feeling of competence scores 
in the direct group (Mdn = 3.12, IQR = 3.81 – 1.94) were not significantly higher than the 
feeling of competence scores in the delayed feedback group (Mdn = 3.75, IQR = 4.25 – 2.19). 
See table 3 for the raw scores. 
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Quality of performance analyses 
A Mann-Whitney U analysis of motivation scores revealed no difference between the quality 
of performance groups (U = 20, p = .301, r = .15) (table 4). The motivation scores in the good 
performance group (Mdn = 3.80, IQR = 4 – 3.80) were not significantly higher than the 
motivation scores in the poor performance group (Mdn = 4.2, IQR = 4.30 – 3.70). 
The analysis of feeling of competence revealed a significant difference between the 
quality of performance groups (U = 9, p = .024, r = .53) (table 4). The scores of feeling of 
competence in the good performance group (Mdn = 4, IQR = 4.1 – 2.9) were significantly 
higher than the scores in the poor performance group (Mdn = 2.6, IQR = 3.6 – 2.3). 
 
 
 
Table 2 
 
Feedback type differences for Motivation and Feeling of Competence levels  
     Feedback type Z r p 
 
 
Motivation 
Direct (Mdn = 4, IQR = 4.25 – 3.60)                                .000 0 .517 
Delayed (Mdn = 4.2, IQR = 4.20 – 3.65) 
 
Feeling of competence 
 
   
Direct (Mdn = 3.12, IQR = 3.81 – 1.94) 
Delayed (Mdn = 4.2, IQR = 4.25 – 2.19) 
 
-1.025 .27 .163 
Note. N = 14, *p<.05, Mdn = median, IQR = interquartile range    
 
 
Table 3 
 
Feedback type analyses raw data 
Feedback type                                     n 
 
Motivation levels 
Direct > Delayed 
  
 
6 
Direct < Delayed 6 
Direct = Delayed 2 
  
  
Feeling of competence levels 
Direct > Delayed 
 
4 
Direct < Delayed 8 
Direct = Delayed 2 
n = sample subgroup  
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Regression analyses 
Two simple linear regression analyses were performed. A simple linear regression was 
calculated to predict the mean feeling of competence based on the total score. A significant 
regression equation was found, F(1, 12) = 24.832, p = .000, with an R
2
 of .674 (figure 1). The 
predicted mean feeling of competence of the participants was equal to .357*(total score) + 
.414 when total score is measured in amount of coins. The mean feeling of competence of 
participants increased .357 for each coin. 
 Another simple linear regression was calculated to predict mean motivation scores 
based on mean feeling of competence. A significant regression equation was found, F(1, 12) 
= 7.600, p = .017, with an R
2
 of .388 (figure 2). The predicted mean motivation of the 
participants was equal to 3.055 + .276*(mean feeling of competence). The mean motivation 
scores increased .276 for each given mean feeling of competence.  
 
Dissatisfaction-effort analysis 
The analysis to compare the mean effort scores of the 10 participants who reported to be 
dissatisfied with their first mini-game performance was conducted. A Wilcoxon signed-ranks 
test revealed a significant difference between the effort score groups, Z = -1.897, p = .047, r = 
.60 (table 5). The effort scores for the second mini-game (Mdn = 4.75, IQR = 5 – 3.5) were 
significantly higher than the effort scores for the first mini-game (Mdn = 3.5, IQR = 5 – 3.25). 
Table 4    
Performance group differences for Motivation and Feeling of Competence levels 
    Performance group U r p 
 
Motivation 
Good performance (Mdn = 3.8, IQR = 4 – 3.80) 20 .15 .301 
Poor performance (Mdn = 4.2, IQR = 4.30 – 3.70) 
  
Feeling of competence 
   
 Good performance (Mdn = 4, IQR = 4.1 – 2.9) 
9 .53 .024* 
Poor performance (Mdn = 2.62, IQR = 3.6 – 2.3) 
Note. N = 14, *p<.05, Mdn = median, IQR = interquartile range 
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Figure 1. Mean feeling of competence measures predicted based on the total scores of both 
mini-games. Included is the Simple Linear Regression formula and R-square statistic. The 
black line represents the regression trendline. 
 
 
Figure 2. Mean motivation measures predicted based on mean feeling of competence 
measures. Included is the Simple Linear Regression formula and R-square statistic. The black 
line represents the regression trendline.  
 
 
 
 
 
 
Feeling of competence = 0.357*total score + 0.414 
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Post-hoc analyses 
Visual data inspection suggested that Distal Orientation was significantly easier to execute 
than the Local Orientation. Thus, the ease-check questionnaire item (‘I thought the task was 
easy’) was used to try to confirm this theory by using a post-hoc Wilcoxon signed-ranks test 
to compare item scores of Local Orientation with the Distal Orientation item scores, so we 
could get an understanding of the participant’s opinion on this matter.  
The analysis confirmed the suspicion, revealing a significant difference between the 
ease-scores of Local Orientation and Distal Orientation, Z = -2.33, p = .014, r = .62 (table 6). 
Participants reported significantly higher ease-scores after playing Local Orientation (Mdn = 
3.5, IQR = 4.25 – 2) than after playing Distal Orientation (Mdn = 2.5, IQR = 3.25 – 1.75).   
Another analysis was conducted to compare the performance scores per mini-game to 
check if the participants actually performed better on Local Orientation than on Distal 
Orientation. A Wilcoxon signed-ranks test revealed a significant difference between the 
performance scores of Local Orientation and the performance scores of Distal Orientation, Z 
= -1.971, p = .022, r = .53. Performance scores on Local Orientation (Mdn = 5, IQR = 6 – 3) 
were significantly higher than the performance scores on Distal Orientation (Mdn = 3, IQR = 
4 – 2).  
 
 
 
 
 
 
 
Table 5 
 
Effort scores after Dissatisfaction differences between the first and the second 
played Mini-game
 
    Effort Z R
2
 p 
 
 
First game (Mdn = 3.5, IQR = 5 – 3.25) 
-1.897 .60 .047* Second game (Mdn = 4.75, IQR = 5 – 
3.5) 
 
Note. N = 10, *p<.05, Mdn = median,  IQR = interquartile range 
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Discussion 
The current study investigated motivation and competence factors within a usability construct 
of a new rehabilitation game application, intended for the rehabilitation of navigation ability 
in ABI patients. In the context of two navigation mini-games, measurements of motivation 
and the feeling of competence were taken after each mini-game that each presented a different 
type of feedback on the performance of the patients. A patient was exposed to both a delayed 
and a direct type of feedback.  
 
One of the main research objectives was to learn about how levels of motivation and 
the feeling of competence were affected by two different forms of feedback during the 
specific gameplay of the application. The first hypothesis encompassed the expectation that 
direct feedback would have an enhancing effect on motivation and the feeling of competence. 
Gaining knowledge about the type of feedback system and its cohesion with seemingly 
critical stimulating factors such as motivation and the feeling of competence was thought to 
be necessary if the full potential was attempted to be drawn out of the newly developed 
neurorehabilitation navigation application. However, in contrast to the expectations based on 
earlier research (Locke & Latham, 2002, Sailer, Hense, Mandl, & Klevers, 2013), results 
revealed that levels of motivation and the feeling of competence did not differ between the 
direct and delayed feedback condition. Hence, more frequent feedback did not enhance 
motivation and the feeling of competence. It could be interpreted that keeping the patients 
directly updated about their performance did not affect their motivational state differently as 
opposed to not updating them on their performance while playing and only doing so 
Table 6 
Ease score and performances score differences for the Mini-game types 
                             Mini-game type Z R
2
 p 
Ease-scores 
Local Orientation (Mdn = 3.5, IQR = 4.25 – 
5) 
-2.33 .62 .014* 
Distal Orientation (Mdn = 2.5, IQR =3.25 – 
1.75) 
     
Performance 
scores 
Local Orientation (Mdn = 5, IQR = 6 – 3) 
-1.971 .53 .022* 
Distal Orientation (Mdn = 3, IQR = 4 – 2) 
Note. N = 14, *p<.05, Mdn = median,  IQR = interquartile range 
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afterwards.  This interpretation is not in line with earlier motivation research that argues that 
giving summary feedback increases motivation by giving the person information about their 
set goals and the progression towards those goals (Locke & Bryan, 1969; Locke & Latham, 
2002; Ryan & Deci, 2000). An explanation for absence of this effect could be that the patients 
in the current study did not necessarily established goals for themselves, or at least did not 
care as much to accomplish them given the experimental set-up, rendering the given feedback 
as ineffective. Another explanation could be the lack of validity of the used motivation 
statements. The motivation statements were intrinsically of nature and it might have been so 
that the given feedback was overall perceived as an extrinsic reward, as feedback could be 
considered extrinsically rewarding (Ryan & Deci, 2000). Therefore, it might have been the 
case that the motivational effects of the feedback types were not captured by the used 
motivation statements. 
Another objective was to investigate the relationship between the patient’s quality of 
performance and their levels motivation and feeling of competence scores. The second 
hypothesis proposed that patients would have higher motivation and feeling of competence 
when feedback on good performance was given, in contrast to patients with poor 
performance. The interaction between how well a patient performs and the accompanying 
levels of motivation and feeling of competence was relevant to study because feedback on 
poor performance could elicit demotivation and feeling of incompetence, which ideally 
should be avoided for reasons of discontinuation of the rehabilitation. By contrast to our 
expectation, results revealed that motivation levels did not differ between the good 
performing patients and the poorly performing patients. However, results did reveal a 
difference between the feeling of competence levels in good performing and poorly 
performing patients. Specifically, in line with the expectations, the feeling of competence 
levels were reported higher by well performing patients in comparison to poorly performing 
patients. Thus, whether a patient performed well or poorly did not seem to differentiate 
motivation levels between the two patients groups. Again, this could be explained by the fact 
that we measured motivation exclusively with intrinsic qualities while the patients were not 
necessarily intrinsically driven (Ryan & Deci, 2000) and in that way the used motivation 
statements could have not captured the effect of quality of performance.  
Nevertheless, the feeling of competence was greater in good performing patients than 
in poorly performing patients. This finding fits in with existing theory about how competence 
is crucial for enjoyment of activities (Deci & Ryan, 2000), because it can be speculated that 
performing well while playing the mini-games led to increased feelings of gratification. This 
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effect is a desired quality to have in the application, as greater joy leads to greater engagement 
(White, 1959). 
Further objectives were to explore the correlations between the feeling of competence 
and the total score of an individual patient, between motivation and feeling of competence, 
and between effort measures and performance dissatisfaction. Results revealed that the total 
score of patients had a predictive value for measures of feeling of competence. This finding 
complements the results of the second hypothesis by proposing that improving scores 
associates with greater feeling of competence, which previous literature also proposes (White, 
1959). Results also showed that feeling of competence had a predictive value for measures of 
motivation. With this finding it can be proposed that feeling competent is at any rate 
correlated to being motivated.  
Moreover, results revealed that patients reported to be making more effort for the 
second mini-game when they reported dissatisfaction of their performance after the first mini-
game. These specific findings are in line with earlier research in this field (Locke, Cartledge 
& Knerr, 1970; Matsui, Okada, & Inoshita, 1983). 
In additional exploration of the data, the difference in task difficulty level between the 
two mini-games was noticed after all the data was collected. The mini-game Local 
Orientation seemed to be easier to complete than the mini-game Distal Orientation. So, it was 
decided to perform a post-hoc analysis to compare the patient-reported information about ease 
to play and the total scores of both mini-game sessions to find out which game was easier to 
play and during which game the patients scored better. The post-hoc investigation results 
confirmed the suspicion with patient reporting Local Orientation to be easier to play than its 
counterpart Distal Orientation. Further investigation revealed results of patients also 
performing better on Local Orientation than on Distal Orientation, backing up the previous 
finding. These findings gave insight into the differences between the mini-games Local 
Orientation and Distal Orientation on certain difficulty aspects of the task design.  
Throughout the current study several limitations were observed and must be pointed 
out. Firstly, the present study likely suffered because of the small sample size. This limited 
the amount of data that could be gathered, so possible effects could not be discovered or 
found effects were falsely identified, despite the usage of nonparametric tests. Furthermore, 
another limitation could have been present in the possible ineffectiveness of the direct 
feedback condition, because the time window of presenting the feedback might have been too 
short, so the patient might not have enough time to let the content of the feedback sink in. A 
factor related to this could be that performing well and getting the reward coins was not 
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actually perceived as rewarding, thus not motivating enough to let the direct feedback 
differentiate from the delayed feedback condition in terms of manipulation. In future research 
a proper motivation check for the actual in-game rewards should be established.  
Another possible limitation could have manifested itself in the Likert scale continuity 
and its validity. The scale of five may not have been exhaustive enough and could be 
responsible for the lack of difference in reporting the states of motivation and feeling of 
competence between conditions, as for now it could be that patients might have felt 
differently motivated over conditions but were too limited by the available options (see Matell 
& Jacoby, 1971, for a review).  
Furthermore, the order of mini-game version may have influenced the results. If a 
patient played the Local Orientation first, which we found to be of lower difficulty, it could 
have altered the motivational course of both mini-games altogether, in contrast to a situation 
in which Distal Orientation was played first. The same problem could have manifested for the 
order of feedback type, where getting direct feedback first could have influenced the reported 
motivational and competence scores. Within-subjects designs are prone to this kind of 
treatment effect, so for future research it might be essential to control for this by either 
balancing the difficulty in both tasks or being sure that this effect becomes apparent through 
check questions. 
 In the sense of further improvement for future research and practical implications 
regarding this field it is suggested to make sure participants in a concrete way establish 
meaningful personal performance goals. In this way individual engagement to the tasks 
becomes more manifest and motivational measures become much more valid. It goes without 
saying that in a clinical rehabilitation setting both the patient and the clinician benefit from the 
patient being motivated to rehabilitate. By conducting this study, light was shed on how to 
make the used navigation application more usable in terms of design properties that involve 
in-game reward feedback. The feeling of competence of the patients and how to positively 
manipulate it deserves emphasis while designing the feedback features for this kind of clinical 
oriented game. 
In conclusion, the present data indicated no observable differences in motivation levels 
and the feeling of competence regarding direct of delayed feedback mechanisms. Also, 
reported motivation levels did not differ in the context of a good quality of performance or 
poor quality of performance while playing the two navigation mini-games. However, 
measures of feeling of competence were observed to be notably higher in the good 
performance context. A possibility is that quality of performance estimates feeling of 
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competence accurately. Another possibility is that feeling of competence influences 
performance quality and therefore feeling of competence in patients would play a significant 
role in optimizing training performance during rehabilitation application programs. 
Competence-stimulating factors in the design of rehabilitation applications should then be 
emphasized. Future research should look at the causal relation between competence-related 
factors and quality of performance. 
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